A population of over 1,000 dogs were examined for neoplasrns. Clinical and post-mortem studies revealed 72 neoplasms in 50 dogs. Over half of the tumors were multiple primary neoplasms. Prevalence rates were calculated. It was found that the prevalence of spontaneous neoplasms was higher in purebred dogs.
IT is of public health importance-to I know how commonly the various types of neoplasms exist in a population of dogs, since they share the same environment and are exposed to many of the same influences as man. Most dogs are kept as pets and live in close physical association with the owners and their families. It is therefore reasonable to expect the distribution and perhaps the etiology of cancer in dogs to have some relationships with cancer in man.
In planning epidemiologic studies of chronic diseases such as cancer, the availability and choice of a study population are important considerations. Since biopsy or necropsy examinations are often necessary to diagnose neoplasms adequately, a random sample of the population is not feasible. The dogs admitted to an animal shelter or pound provide a possible study population. Catcott, et al., used dogs from two such agencies in an air pollution study.' They did not find any lung tumors in 51 dogs that they examined.
In order to explore further the epi- 2u4 each dog. During the study period, a member of the study staff assisted in the examination and noted clinical signs of neoplastic disease. Those dogs found to be of good health and temperament were made available for public adoption. According to an already existing SPCA policy, dogs that had neoplasms were not eligible for adoption. These dogs and all other unadopted dogs were humanely euthanized. Over half (678) of the dogs admitted during the 30-day period were euthanized.
Following euthanasia, a necropsy examination was conducted on each dog using the standard methods as outlined by Coffin.2 The ages of the stray dogs were estimated by' examining their teeth.3'4 Immediately after death, 4 to 6 cc of whole blood were obtained from the brachial artery. The blood was collected in vials containing desiccated sodium oxalate. In' addition, blood smears and bone marrow smears were prepared for each dog. Specimens of suspected neoplastic lesions were collected and fixed in 10 per cent buffered formalin. Due to the large number of necropsies and the high proportion of healthy dogs, the brain and spinal cord were examined only when the antemortem examination revealed signs of central nervous system disease.
The oxalated blood was appropriately diluted with 2 per cent acetic acid and the white cells were counted in a hemocytometer. Blood and bone marrow smears were stained by Giemsa's method. Differential counts were made on each blood smear. The bone marrow smears were examined microscopically; erythroid :myeloid ratios were done only when the total white cell and/or differential counts suggested a bone marrow dyscrasia.
After fixation, appropriate blocks were cut from each tissue specimen. The blocks were dehydrated, embedded in paraffin, and sections were cut at 4 to (14) - (-) 18 (14) 1 (-) There were a few more male dogs than female dogs in the study population ( Table 1 ) . The sex of 21 dogs, mostly puppies, was not recorded. Fortyeight of the females were neutered while there were only six neutered males. There were more young dogs in each of the four sex categories, especially the entire males and entire females. The neutered females accounted for a relatively larger proportion of each age group in the older dogs. The same small preponderance of males was found in most of the major breeds with the exception of cocker spaniels and boxers.
In this study, all dogs recorded as a breed recognized by a purebred dog registry and not recorded as crossbred were classified as purebred dogs. There were 320 dogs in this group ( Table 2) . The remainder of the study population consisted of 554 crossbred dogs and 222 "mixed" dogs. These last two groups were combined for crossbred-purebred comparisons. The number of dogs in each breed is shown in Table 3 . Crossbred dogs were counted in the corresponding breed category. Cocker spaniels, terriers, and German shepherd dogs were the most frequent breeds in the study population. The cocker spaniels were comparatively older than the other breeds.
Characteristics of the Neoplasm Cases
There was a total of 72 benign and malignant neoplasms diagnosed in the study population of dogs. All of the cases were confirmed by histopathological examination. The types of neoplasms and their primary sites are listed in Table 4 . The most common primary sites were the skin, gland of the skin, testis, adrenal glands, perianal glands, and mammary glands. Most of the skin tumors were benign; however, four malignant melanomas were found. There were seven adenomas and one adenocarcinoma arising from the glands of the skin. Among the testicular tumors, there were five interstitial cell tumors, three seminomas, and one Sertoli cell tumor. There were five adenomas and one adenocarcinoma of the adrenal glands; similarly, one adenocarcinoma was found among the five tumors of the perianal glands. All of the neoplasms of the mammary gland were mixed mammary tumors. Of special interest were two malignant lung tumors: one was a bronchogenic carcinoma in a 12-yearold female boxer, and the other was a bronchogenic carcinoma in a 14-yearold male springer spaniel. The age distributions of the benign and malignant cases and the cases at specified sites are presented in Table 5 . The mean ages were 12 years for benign cases and 14 years for malignant cases. There were some tumors in very young dogs. A skin papilloma was found in a one-year-old dog and two testicular tumors, an interstitial cell tumor and a seminoma, were found in two-year-old dogs.
The relationships of the sex and breed variables, as well as effect of age on spontaneous neoplasms in dogs, will be examined more closely using prevalence rates.
Multiple Primary Neoplasms
During the physical examinations and necropsy investigations, when a dog was found with one type of neoplasm, it very often had one or more different types. The analysis of the data confirmed this impression. In the study population there was a total of 50 dogs with neoplasms, and of these 14 had multiple primary tumors. Table 6 lists plasms per 100 dogs. The dogs had more benign neoplasms (4.7 per 100 dogs) than malignant neoplasms (1.9 per 100 dogs).
The ages of the cases and study population were grouped into nine age intervals and age-specific rates were computed for each ( Table 7) . The prevalence of both benign and malignant neoplasms generally increased with age. Almost all the dogs over the age of 14 years had at least one neoplasm, while very few of the younger dogs were affected. Obviously, age has a great influence upon the prevalence of neoplasms in dogs and must be taken into consideration when analyzing the effects of other factors.
VOL. 56, NO. 2. A.J.P.H. Table 8 shows the prevalence rates for each sex. While the crude rates show that the neutered females had more neoplasms than the other sexes, it must be remembered that there were proportionately more neutered females in the older ages. Age-specific rates were prepared and these crude rates were age-adjusted by the indirect method using the total study population as the standard.8 The age-adjusted rates for neutered females are not greatly different from those for the other sex categories; in fact, they are now lower than the "entire female" rates.
When the rates for all neoplasms in purebred and crossbred dogs were compared, it was found that the purebred rate was over twice the rate for crossbred dogs (Table 9 ). In addition, when the benign and malignant neoplasm rates were examined separately, it was found that they were both higher in purebred dogs. Since the age distributions of the purebred and crossbred components of the study population differed, the crude rates were again age-adjusted. The ageadjusted rates were 8.3 for purebred dogs and 5.4 for crossbred dogs. While an age effect was in part responsible for the higher rate in purebred dogs, the age-adjusted rate for purebred dogs remained higher than the rate for crossbred dogs. The difference between these specific rates for purebread, age-specific rates for all the dogs, number of observed neoplasms in crossbred, and the age-specific populations for crossbred dogs, respectively. related to breeding practices has an effect upon the prevalence of neoplasms in dogs. * Next, the prevalence rates for specific major breeds were prepared (Table 10 ). The crude rate for all neoplasms was highest in cocker spaniels followed by terriers and German shepherd dogs. The rates for all three of these breeds were higher than for mixed breed dogs. From the foregoing findings, that age differences affect the rates and that the age-adjusted purebred rates are higher than crossbred rates, it would be prudent to perform an age adjustment and to examine for purebred and crossbred differences within breeds before concluding breed predispositions. Another method would be to include only purebred dogs in breed comparisons. Due to the large number of different breeds, this requires a very large sample and was not possible in this study.
Discussion
It is hoped that the results of this study will provide base-line information for planning future epidemiologic studies of cancer in dogs. In the past, there has been no way to predict the expected number of neoplasms present f Excluding Boston terriers.
in this type of population. In fact, in planning this study, there was no way to determine the sample size necessary to provide enough cases for comprehensive analysis. The study yielded 72 neoplasms which was enough to allow examination for the effects of age, sex, and breed upon the prevalence of benign neoplasms, malignant neoplasms, and all neoplasms; however, there were too few cases to permit evaluation of the age, sex, and breed effects upon specific sites and types of neoplasms.
The age, sex, and breed characteristics of the study population were presented in some detail in this report, so that as other prevalence studies are conducted comparisons will be possible. In making comparisons between studies that utilize different types of populations or different methods of disease detection, it is also important to consider the proportion of dogs entering the study because of the disease that is being measured. This SPCA study population largely consisted of healthy dogs. The 63 dogs brought because of illness were all examined by necropsy and 52 were confirmed as having some disease. Ten of these dogs had some type of neoplasm; three had neoplasms incidental to some other illness, and seven were obviously ill because of their neoplastic disease.
Multiple primary neoplasms in dogs have been discussed in reviews by Feldman9 and Mulligan.10 They report the age, sex, and breed of the dogs and the type and site of the neoplasms. Mulligan analyzed his data for various combinations of malignant and benign neoplasms. This subject has been given considerable attention in the study of human cancer. Moertel" and Mersheimer, et al.,12 have recently discussed the criteria for multiple primary malignant neoplasms and some of the difficulties in the interpretation of this data.
In our study, when both benign and malignant neoplasms were considered, there was a strikingly high frequency of multiple primary neoplasms. While there were no cases with multiple malignant neoplasms, combinations of benign neoplasms or combinations of malignant and benign neoplasms are of interest in the light of experimental cancer models. An example is the polyoma virus which can induce benign and malignant tumors of several types arising from both epithelial and connective tissues.13 '14 The rates quoted in this paper were computed by using as a denominator the total study population of dogs. Rates using only those dogs examined by necropsy as a denominator were also calculated. These rates for dogs over seven years of age were the same as the rates for the total study population and for the other ages they were generally higher.
When using the rates for dogs examined by necropsy, the purebred-crossbred difference was greater and proved to be statistically significant (p=0.036; p=0.027). The greater difference using this denominator may be due to the biasing effect of selection for purebred dogs in adoption and owner retrieval. As one would expect, there were proportionally more purebred dogs removed than crossbred dogs. This is apparent in Table 2 which shows that proportionally fewer of the purebred dogs entered the necropsy group. Since clinically detected neoplasm cases entered the necropsy group, regardless of whether they were purebred or crossbred dogs, the end result was an increase in the purebred rates and a decrease in the crossbred rates.
On the other hand, rates using the total study population may be an underestimate of the prevalence of neoplasms, since not all dogs were examined by necropsy. There were 418 dogs which only received a physical examination, but they were all younger than eight years of age. Of all the dogs found to have neoplasms in this study, only eight dogs were less than eight years of age. In addition, only 15 of the 50 cases had neoplasms that could not be detected clinically and only one of these was less than eight years of age. Therefore, the number of cases missed in the group of dogs that were not examined by necropsy was probably small.
To our knowledge, this report is the first to observe that the prevalence of neoplasms is higher in purebred than in crossbred dogs. Detweiler has studied cardiovascular disease in dogs admitted to the University of Pennsylvania Veterinary Hospital and has made a similar observation, that the prevalence of congenital heart disease is higher in purebred than in mongrel dogs.15'16 The nature of genetic influences that affect the incidence and prevalence of neoplasms in dogs should be the subject of further study.
While the differences in purebredcrossbred rates in this relatively small SPCA population suggest a strong effect, it must be remembered that the rates are for all neoplasms. Since this is a heterogeneous grouping, it would be of interest to-determine to what extent specific sites and types of neoplasms contribute to this effect.
Dogs have been used experimentally for many years to test the effects of carcinogenic agents.17-20 Since dogs for research purposes are not generally available from production colonies, they have usually been collected from the general population. Because spontaneous neoplasms could interfere with the interpretation of experimental results, it would therefore seem important to take prevalence rates into account in designing studies to show the effects of carcinogenic agents in dogs. The cash award of $2,500 and silver plaque will be presented at the annual meeting of the conference to be held in conjunction with the Annual Meeting of APHA, in San Francisco, California, in November, 1966 . All expenses will be paid to the recipient of the award at the meeting. The candidate's work to be considered for nomination should be either: (a) a fundamental contribution which serves as a base line for development of diagnostic methods which fall within the province of the public health laboratory; or (b) the adaptation of a fundamental contribution to make it of use in a diagnostic laboratory. The degree to which the methods have found acceptance in public health laboratories is to be considered in the choice. The geographical area from which the candidates for nomination are to be drawn should be the United States, its territories, and Canada.
Summary
Consideration will be given to nominations only if they include six summaries and a bibliography and six reprints if available. These materials must be covered by a statement justifying the recommendations. Nominations 
